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摘   要 
在项目决策与规划，资源分配，货物装载等工作中，提出了多维 0-1 背包问



































Multi-dimensional 0-1 knapsack problem often appears in decision 
making and programming, resource distribution, loading, and so on. 
Multi-dimensional 0-1 knapsack problem is also one of a class of typical 
NPC problem. It has important meanings in practice and in theory to study 
it. For solving this problem, many algorithms have been proposed by 
scholars. 
This paper extends the ant colony algorithm which is used for solving 
0-1 knapsack problem in reference [24], and gives the mathematical model, 
algorithm description and program flow diagram for the ant colony 
algorithm which is use for solving multi-dimensional 0-1 knapsack problem. 
On the basis of this job, the paper also makes the simulation experiment 
of the pheromone, the ant route and the best route. The simulation results 
show that the algorithm is more efficient, but it costs long search time 
and gets into the local result easily. 
To solve this problem, the paper presents a new ant colony algorithm 
based on exchange strategy. Enlightenment from the ant colony algorithm 
with 2-opt or 3-opt local optimization for solving traveling salesman 
problems, the algorithm based on exchange strategy has the faster 
convergence rate and gets the better quality solution. 
For using the exchange strategy, the paper compares the difference 
between the Traveling Salesman Problem and the knapsack problem, and 
presents the 2-opt or 3-opt local algorithm for the knapsack problem. This 
local algorithm is introduced into the ant colony algorithm. The ant 
colony algorithm based on exchange strategy has shorter search time and 
is rather efficient for improving the convergence of the local result. 














era, the result quality and the search time, the experiments demonstrate 
that the algorithm proposed in the paper not only has the better result 
but also has the shorter runtime. So our algorithm is rather efficient 
for solving multi-dimensional 0-1 knapsack problem. 
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混合蚁群算法求解 0-1 背包问题 
 1
第一章 引言 
1.1 0-1 背包问题简介 
1.1.1 0-1 背包问题的描述 
在算法研究过程中，有很多有实际背景的重要问题，它们是否有有效的算法，
是计算机科学家们非常感兴趣的问题。1971 年库克 (S.Cook)发表了 “The 
Complexity of Theorem Proving Procedures”[1]和 1972 年卡普(R.Karp)发表的
“Reducibility Among Combinatorial Problems”[2]两篇著名的论文奠定了 NP 完备理
论的基础。NP 是“Nondeterministic Polynomial”的缩写，意为“非确定型的多项式”。
在 NP 问题中，有一个子类，NP 完全(NP Complete，简记为 NPC)问题，指的是
那些 NP 问题中 难的问题：所有其它的 NP 问题都可以归约到这些 NP 完全问
题。 
0-1背包问题(0-1 knapsack problem, KP, 以下简称背包问题)是一个典型NPC
问题[2]。对一个m维0-1背包问题可描述为：已知有几个价值为vj (j=1, 2, …, n)的







































                                 (1.1) 
这里 xj表示是否选择第 j 个物品装入背包，如果 xj=0，表示没有选择该物品




















信息保护成为计算机网络领域 重要的课题之一。由 Diffe 和 Hellmein 在 1976
年提出的公钥密码系统是一种有效可行的方法[3]。但 Diffe 和 Hellmein 提出公钥
密码系统的想法时，还没有真正的公钥密码例子，两年后才出现了 MH 背包公钥

























将满足所有约束条件的解空间 S 称为可行域(feasible region)，可行域中的解
称为可行解(feasible solution)；将可行解中使目标函数 大的解称为 优解
(optional solution)。对于 小化问题，可将目标函数乘以(-1)，转化为 大化问题
求解。当 x 或 S 为离散集合构成的解空间时，这类 优化问题称为组合 优化问


























分支定界法(Branch and Bound Method)在本世纪六十年代初由 Land Doig 和
Dakin 等人提出，可用于解纯整数或混合的整数规划问题。但是在解 0-1 背包问
题时[6]，分支定界法所要定的界就被局限[0，1]区间之内了。由于这个区域本身


























































































































者圆等其他形状，如图 2.1 所示。 
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